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 [START_REF] Aggleton | Multiple anatomical systems embedded within the primate medial 558 temporal lobe: Implications for hippocampal function[END_REF][START_REF] Parsons | Neurocognitive deficits in alcoholics and social drinkers: a continuum? 683[END_REF]. The frontocerebellar circuit (FCC), identified in non-94 human primates using viral transneuronal tracing technology (Kelly and Strick, 2003), 95 consists of two distinct, parallel closed-loops within the cortico-thalamo-cerebellar circuitry.

96

The first one underlies executive functions and includes Brodmann areas 9 and 46 of the [START_REF] Aggleton | Episodic memory, amnesia, and the hippocampal-anterior 556 thalamic axis[END_REF][START_REF] Papez | A proposed mechanism of emotion[END_REF], involved in episodic memory, includes the 108 hippocampal formation, which connects to the mammillary bodies via the fornix. The 109 thalamus then receives information from the mammillary bodies via the mammilo-thalamic 110 tract. The anterior limb of the internal capsule connects the thalamus to the cingulate gyrus, 111 which is in turn connected back to the hippocampus through the cingulum bundle.

112

The PC and the FCC are affected in both clinical forms, but not to the same extent, 113 hence the difference of clinical severity between UA and KS patients. In fact, the comparison 114 between these two clinical forms of alcohol-dependence revealed patterns of differences and 115 similarities in the profiles of cognitive impairments and brain structural deficits. Neuropsychological and neuroimaging studies have shown that impairment of the FCC is 117 generally comparable in both UA and KS, whereas graded effects are observed for the PC 118 (Pitel et al. 2008(Pitel et al. , 2012)). More precisely, it has been shown that while deficits in working 119 memory and executive functions did not differ significantly between UA and KS patients, 120 deficits in episodic memory are more severe in KS patients compared to UA (Butters and 121 Brandt. 1985;Fama et al. 2012;Pitel et al. 2008). Volumetric analyses of gray matter (Harper,122 2009; [START_REF] Harper | Neuropathological alterations in alcoholic 607 brains. Studies arising from the New South Wales Tissue Resource Centre[END_REF]Pitel et al. 2009Pitel et al. , 2012;;[START_REF] Pfefferbaum | Degradation of association 695 and projection white matter systems in alcoholism detected with quantitative fiber tracking[END_REF] have also 123 indicated that nodes belonging to the PC including the medial thalami and mammillary bodies 124 were more severely affected in KS compared to UA patients. Similar degrees of shrinkage 125 have been observed in both patient groups in some of the nodes of the FCC including the 126 frontal cortex but not in the pons and cerebellum, for which graded effects were observed 127 (Sullivan and Pfefferbaum, 2008). The few studies that have compared UA and KS patients 128 regarding white matter volumes indicated that the cerebellar white matter (Kril et al. 1997), 129 corpus callosum and thalamic radiations were more severely damaged in KS than in UA 130 [START_REF] Harper | Neuropathological alterations in alcoholic 607 brains. Studies arising from the New South Wales Tissue Resource Centre[END_REF]Pitel et al. 2012).

131

The comparison of neuropsychological functioning between UA and KS patients gave 132 rise to the hypothesis that the effects of chronic alcohol consumption lie along a continuum 133 from mild-to-moderate impairments in UA to severe ones in patients with KS (Butters and 134 Brandt, 1985;[START_REF] Parsons | Neurocognitive deficits in alcoholics and social drinkers: a continuum? 683[END_REF][START_REF] Ryback | The continuum and specificity of the effects of alcohol on memory. A 727 review[END_REF]. The existence of a continuum between these two 135 clinical forms reflects the heterogeneity within the UA group with some patients having 136 preserved results similar to those of healthy controls, while others have severe deficits close to 137 those of KS patients (Pitel et al. 2008). The latter ones are at risk to develop severe alcohol- 

151

Those studies gave first insights regarding white matter volumes but did not provide a clear 152 picture of the differences in the microstructure of white matter bundles. The latter is better 153 represented by observing the differences in FA values of white matter fibre tracts, obtained 154 through DTI studies, under the assumption that FA is a structural biomarker that depicts white 155 matter disruption involving myelin, cytoskeleton and the axons' microtubule system 156 [START_REF] Pfefferbaum | Supratentorial profile of white matter 687 microstructural integrity in recovering alcoholic men and women[END_REF]. We should however bear in mind that in absence of sound 

163

The first objective of the present study was therefore to describe the white matter 164 microstructure in UA and KS compared to healthy controls (HC) using a voxel-wise 165 approach. We hypothesize graded effects of compromised white matter integrity in the [START_REF] Gache | The Alcohol 599 Use Disorders Identification Test (AUDIT) as a Screening Tool for Excessive Drinking in 600 Primary Care: Reliability and Validity of a French Version[END_REF]) and a modified 211 version of the semi-structured lifetime drinking history [START_REF] Pfefferbaum | Brain CT Changes in 693 Alcoholics: Effects of Age and Alcohol Consumption[END_REF] [START_REF] Grober | Genuine memory deficits in dementia[END_REF] 230 Van der Linden, 2004). Neuropsychological performances are reported in Table 2. The diffusion-weighted images (DWI) for all subjects were first pre-processed to create FA 240 images using the FSL Diffusion Toolbox (FDT) (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FDT) 241 that is part of FSL 5.0 toolbox for medical image analysis [START_REF] Smith | Advances in functional and structural MR image analysis and implementation as FSL[END_REF]). The FA images 242 were further processed using Tract Based Spatial Statistics (TBSS) for subsequent voxelwise 243 statistical analysis [START_REF] Smith | Tract-based spatial statistics: voxelwise analysis of multi-subject diffusion data[END_REF]. TBSS presents an improvement on classical voxelwise 253 Such an approach also removes the need for applying a spatial smoothing for which the 254 choice of the smoothing kernel is deemed to be done in an arbitrary manner, and results

255

known to be highly dependent on the kernel size (Jones et al. 2005). Smoothing increases 256 partial volume effects between tissues such that it is difficult to differentiate between WM 257 differences that are due to the biological mechanism under investigation or an artefactual 258 measurement due to a mixture of tissues.

259

For each subject, the 32 DWI images were first corrected for distortions due to Eddy currents 260 and aligned to the b=0 s/mm 2 image using rigid-body registration for motion correction 261 (Jenkinson et al. 2002). FA images were then created by fitting a tensor model to the diffusion 262 images and were further processed using TBSS. Briefly, all subjects' FA data were aligned tracts that belong to the FCC and PC were used to produce "fibre-cluster masks". These 293 "fibre-cluster masks" were then employed to extract the mean FA value within each tract 294 belonging to the FCC and PC for each subject. Focus was laid on a couple of fibre tracts 295 only for each circuit. In that respect, the cingulum and the fornix were chosen for the PC 296 and the middle cerebellar peduncle and superior cerebellar peduncle for the FCC. These The aim was to find which white matter fibre tract enables the identification of some UA 303 patients classified into the same group as KS patients. A reliable classification would 304 include all HC into one group, and all KS patients into the other group with the 305 heterogeneous UA group fitting into either of these. Those UA who will be sorted within 306 the same group as the KS patients will be deemed as UA_HIGH patients (for high risk of 307 developing KS) while those who will be sorted within the same group as the HC will be ). There were no significant differences in the middle and superior cerebellar 345 peduncles.

[FIGURE 1]

347

There was no gender effect in the UA and KS groups across all white matter fibre tracts. In 348 the control group, differences between men and women were significant for the cingulum We conducted the same analysis on the performances on matrix reasoning, and forward and 406 backward block spans but found insignificant differences between the UA subgroups for 407 neither the cingulum nor the fornix (data not shown). Hence, the ability to identify UA 408 patients at risk of developing KS seems to be specific to performances in episodic memory 409 tasks.

410

Note that we have also tested classification with the corpus callosum but it yielded poor 411 results (data not shown since the corpus callosum is neither part of the FCC, nor the PC). The first aim of this study was to describe the profile of microstructural white matter 415 integrity in UA and KS in the whole brain, at a voxel-level, since most of the previous studies 416 had been carried out using a region of interest approach (with anatomical regions defined a 417 priori). In accordance with neuropathological [START_REF] Harper | Neuropathological alterations in alcoholic 607 brains. Studies arising from the New South Wales Tissue Resource Centre[END_REF]Kril et al. 1997) between UA and KS (Pitel et al, 2012). The abnormalities in the microstructural integrity of 471 the corpus callosum have also been hypothesized to be due to thiamine deficiency as observed 472 in a study with rats (He et al, 2007).

473

Contrary to our initial hypotheses, a clear graded effect of deficits in the PC was not 474 observed. This can be attributed to our sample size and to the heterogeneity of the UA group.

475

As neurological complications from UA to KS lie along a continuum [START_REF] Ryback | The continuum and specificity of the effects of alcohol on memory. A 727 review[END_REF], it is 476 difficult to observe a distinct pattern of microstructural degradation between these 2 groups, 

483

The classification step revealed that the use of DTI may be particularly relevant as a 484 structural biomarker towards the early identification of UA patients at risk of developing KS.

485

The early identification is important for clinicians to apply the correct and optimal treatment 486 with the aim of preventing severe, debilitating and irreversible neurological complications.

487

Our analysis provides consolidating evidence of the PC, as opposed to the FCC, being an hypothesis [START_REF] Butters | The continuity hypothesis: the relationship of long-term 573 alcoholism to the Wernicke-Korsakoff syndrome[END_REF][START_REF] Parsons | Neurocognitive deficits in alcoholics and social drinkers: a continuum? 683[END_REF]Pitel et al. 2008;[START_REF] Ryback | The continuum and specificity of the effects of alcohol on memory. A 727 review[END_REF] 
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  chronic and excessive alcohol consumption on the human brain and 45 cognition result, among others, in two different clinical forms of alcohol-dependence, which In both UA and KS, two brain networks and associated cognitive functions are 92 predominantly affected: the frontocerebellar circuit (Chanraud et al. 2010) and the Papez 93 circuit

97

  dorsolateral prefrontal cortex, which receives input from the cerebellar crus I and II through 98 the thalamus, and projects back to the cerebellum through the pons. The second one 99 contributes to motor functions and encompasses the motor cortex, which receives input from 100 lobules IV-VI of the cerebellar vermis through the thalamus and feeds back to the cerebellum 101 via the pons (Chanraud et al. 2010). Diffusion tensor imaging technique and tractography 102 analyses (Mori et al. 2010) have shown that the superior cerebellar peduncle connects the 103 cerebellum to the thalamus, which is then connected to the dorsolateral prefrontal cortex 104 through the anterior limb of the internal capsule and the anterior corona radiata. The feedback 105 loop goes from the dorsolateral prefrontal cortex back to the pons via corticopontine tracts 106 and back to the cerebellum through the middle cerebellar peduncle. The Papez circuit (PC, 107

138

  related neurological complications but they often go undiagnosed (Pitel et al. 2011) and 139 therefore do not receive appropriate treatment. Early identification of these patients would 140 help clinicians in optimising treatment outcome. Clinical, neuropsychological and 141 of risks for KS have been proposed. Previous studies have 142 suggested that a subgroup of UA patients with episodic memory impairments (Pitel et al. 143 2008) and thalamic shrinkage (Pitel et al. 2012) close to those of KS patients can be 144 identified. This subgroup of patients may even be clinically defined by the presence of signs 145 of Wernicke's encephalopathy (Pitel et al. 2011). How white matter microstructure can also 146 be used as a biomarker of KS has never been explored. The white matter microstructure and 147 structural connectivity has never been investigated in KS and therefore the integrity of the 148 fibres bundles has never been quantitatively compared between UA and KS. Comparisons of 149 white matter have so far been limited to neuropathological investigations (Harper, 2009) and 150 one voxel-based morphometry (VBM) study of white matter volumes (Pitel et al. 2012).

157

  methodological procedures, measurements of FA values could turn out to be artefactual 158 instead of reflecting impairments due to factors inherent to alcohol-dependence. One 159 example is the 'correspondence problem' (Smith et al. 2006) following poor spatial 160 normalization. A preserved white matter tract would be observed as impaired if what 161 are being effectively measured are FA values in crossing fibres which are inherently 162 lower.

  166
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  Of those 27 patients, 7 (6 men, 1 woman) filled the DSM IV criteria of persisting 191 amnestic disorder (American Psychiatric Association. 1994) and were therefore diagnosed as 192 KS patients. All KS patients had a history of heavy drinking (longer than 20 years), a Mental State(MMS, Folstein, 1975) score of at least 20, were abstinent for at least 7 days and 194 were diagnosed with severely impaired episodic memory as revealed by a neuropsychological 195 examination. The consequences of their memory impairments were such that none of the KS 196 were able to go back to their previous jobs and all of them lived in sheltered accommodation 197 or were inpatients waiting for a place in an institution. It was difficult to obtain accurate 198 information about their alcohol intake due to their amnesia. The background information for 199 the KS came mainly from family members and medical records. For each KS patient, the 200 selection was made according to a codified procedure in a French officially registered centre 201 for addiction. The case of each patient was examined by a multidisciplinary team made up of 202 specialists in cognitive neuropsychology and behavioural neurology. Clinical and 203 neuroimaging investigations ruled out other possible causes of memory impairments 204 (particularly focal brain damage). 205 The 20 alcoholic patients without KS were considered as UA patients. They were 206 recruited by clinicians while being inpatients for alcohol-dependence at Caen University 207 Hospital. Although patients were early in abstinence (2.4±3.1 days of sobriety prior to 208 inclusion), none of them presented physical symptoms of alcohol withdrawal as assessed by 209 the Cushman's scale (Cushman et al. 1985) at inclusion. They were interviewed with the 210 Alcohol Use Disorders Identification Test (AUDIT;

  a DTI sequence on the Philips Achieva 3T MRI scanner 233 (Netherlands). 70 slices (slice thickness of 2mm, no gap) were acquired axially using a

244

  approaches like voxel based morphometry (VBM). More specifically, it first addresses the 245 "correspondence problem" faced by standard registration algorithms where it is difficult to 246 gauge whether the observed differences are indeed due to differences in tissue 247 volumes/density or are artefactual modifications that result from local misalignment. The 248 issue becomes more pertinent in the case of white matter tracts where a higher level of 249 precision is required to ensure that the FA values contained in the voxels come from exactly 250 the same part of WM tract across all subjects. TBSS addresses the problem by tailoring the 251 non-linear registration algorithm to the requirements of the DTI data, followed by projection 252 onto a tract representation that is an alignment invariant (referred to as the mean FA skeleton).

  using the nonlinear registration tool (FNIRT), which uses a b-spline 264 representation of the registration warp field[START_REF] Rueckert | Nonrigid 724 registration using free-form deformations: application to breast MR images[END_REF] resulting in FA maps of 265 matrix size of 182x218x182 and voxel size of 1x1x1 mm 3 . Next, the mean FA image was 266 calculated and thinned to create a mean FA skeleton, which represents the centres of all tracts 267 common to the group. Each subject's aligned FA image was threshold at 0.3 to exclude low 268 FA values that could be contaminated with partial volume effects from other non-white-269 matter tissues and to minimise inter-subject variability. The resulting image is then projected 270 onto the mean skeleton by filling every voxel of the latter with the maximum FA value that 271 lies perpendicular to the skeleton structure. Voxel-based statistics are performed on these to the HC group using non-parametric permutation tests (5000 287 permutations, FWE p<0.05, TFCE).

288 2 .

 2 The John Hopkins University International Consortium for Brain Mapping (JHU-ICBM) 289 DTI-81 WM atlas (Mori et al. 2010), implemented as an atlas tool in FSL 5.0 290 (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases), was then used to extract and binarise clusters 291 highlighted in the previous between-group analysis (UASK vs HC). Only the WM fibre 292

  297are the tracts that are believed to offer less variability in terms of specificity to the PC and 298 FCC respectively, having a lower involvement in fibres connecting other parts of the brain 299 or involved in other circuitry. 300 3. For each fibre tract, a k-means clustering classification was then performed on the mean 301 FA values, with the algorithm constrained to separate the 41 participants into 2 groups.
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  308labelled UA_LOW patients (for low risk of developing KS). It is hypothesised that a more 309 robust classification will be obtained when using FA values in the fibres of the PC than in 310 FCC. Comparisons of episodic memory performance among the subsequent 311 subgroups should help in asserting the robustness of the classification step.

312 4 .

 4 Between-group comparisons of episodic memory performance: 313 Episodic memory scores were compared between the groups of HC, UA_LOW, 314 UA_HIGH and KS using non-parametric Mann Whitney U tests. The hypothesis is that 315 the scores on the episodic memory test in UA_LOW patients will differ significantly from 316 the UA_HIGH and KS patients but not from HC. UA_HIGH patients are expected to 317 differ significantly from HC and UA_LOW and KS patients. 318 Results 319 A. Comparison of white matter integrity in HC, UA patients and KS patients 320 (i) UA versus HC 321 Non-parametric permutation tests (FWE, p<0.05) between UA and HC showed lower FA 322 values in fibre tracts spread across the whole brain including the corpus callosum (T max = 323 6.01; k = 6258; η 2 = 0.17), the anterior limb of the internal capsule (T max = 5.86; k=742; 324 η 2 =0.10), the anterior corona radiata (T max = 5.52; k=2215; η 2 =0.16), the fornix (T max = 5.91; 325 k=560; η 2 = 0.15); the cingulum (T max = 4.95; k=821; η 2 = 0.14); the middle cerebellar 326 peduncle (T max = 5.17; k=1320; η 2 =0.11) and the superior cerebellar peduncle T max = 4.92; 327 k=252; η 2 =0.15) as shown in Fig. 1. 328 Note: Values for effect size (η 2 ) have been calculated from T-scores resulting from the non-329 parametric permutation tests.

  Comparison of episodic memory performance in the UA_HIGH and UA_LOW groups 393 Since a better classification of patients for UA_HIGH and UA_LOW were obtained for the 394 two white matter tracts of the PC as opposed to the FCC, we compared episodic memory 395 performances between the two subgroups of UA identified with the classification analysis 396 conducted on FA values in the fornix and cingulum individually. Non-parametric Mann-397Whitney U tests showed that UA_LOW did not differ from HC (p=0.37 for the classification 398 using the fornix and p=0.32 for the classification using the cingulum). UA_LOW differed 399 from UA_HIGH (p=0.038 for the classification using the fornix and p=0.025 for the 400 classification using the cingulum). UA_HIGH differed significantly from HC (p=0.002 for 401 both fornix and cingulum) and KS (p=0.001 for classification with the fornix and p=0.002 for 402 classification with the cingulum). The latter was significantly different to all the other 3 403 subgroups for both classifications (p<0.001). These results are illustrated in Fig.4.

477

  justifying the need to divide the UA group into sub-groups to better observe their underlying 478 pathological mechanisms. By first combining the UA and KS groups, the statistical power to 479 detect all regions affected in alcohol dependent patients was increased(Monnig et al. 2013), subsequent classification step did not disregard any white matter tracts that 481 are potential structural biomarkers for identifying alcoholics at risk to develop neurological 482 complications such as KS.
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 1539254435494 Figure legends:

Table 1 :

 1 Voxel by voxel comparisons of FA values between HC and UA (top row), HC and KS (middle row) and UA and KS (bottom row) using non-parametric permutation tests (5000 permutations, FWE p<0.05, TFCE for cluster-wise correction). p-value maps are shown as (1-p) images, displayed on a T1-weighted MRI in MNI spaceVoxel by voxel comparisons of FA values between HC and UASK using non-parametric permutation tests (5000 permutations, FWE p<0.05, and TFCE for cluster-wise correction). p-value maps are shown as (1-p) images, displayed on a T1-weighted MRI in MNI space. 254x190mm (96 x 96 DPI) Distribution of the mean FA values for the selected white matter tracts within the fronto-cerebellar circuit (mcp = middle cerebellar peduncle, scp = superior cerebellar peduncle) and the Papez circuit (fornix and cing = cingulum). Horizontal black lines represent the separation between the 2 identified clusters. 254x190mm (96 x 96 DPI) Episodic memory performance (sum of the 3 free-recalls of FCSRT) in the HC,KS and subgroups UA_LOW and UA_HIGH. UA_LOW and UA_HIGH have been identified using k-means classification conducted on means FA values of significant fibre-clusters in the fornix and the cingulum bundle. * : sig different from HC; § : sig different from UA_LOW; ¥ : sig different from UA_HIGH 254x190mm (96 x 96 DPI) Demographical, clinical and neuropsychological description of the alcoholics with and without Korsakoff's syndrome and control participants deviation and range [minimum -maximum] are reported. * : Mann-Whitney U tests p<0.05 a : State-Trait Anxienty Inventory for adults , Y-A for "state anxiety" and Y-B for "trait anxiety" (Spielberger et al. 1983) b : Fagerstrom (Heatherton et al. 1991)

  =0.14). Fig.2shows the white matter tracts of the FCC and PC that 364 are significantly disrupted in the UASK group compared to the HC group.Regarding the tracts of the FCC, the results of the classification seemed less reliable since 387 each of the two groups identified included a mix of KS patients, UA patients and HC.
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	358 382	B. Identification of UA patients at risk of developing KS subsequent UA_LOW class. Comparisons of mean FA values among the 4 subgroups for both
	359 383	(i) the cingulum and the fornix (ANOVA Kruskal-Wallis) have shown that the controls did not Comparison of white matter integrity between HC and UASK
	384	differ from the UA_LOW group (p=1). KS differed significantly from HC (p<0.001) and
	360	The comparison between HC and UASK (UA and SK patients pooled together) showed lower
	385	UA_LOW (p=0.01) but not UA_HIGH. UA_HIGH was significantly different from HC
	361	FA values in the patients in all the tracts mentioned in the previous results, including the
	362	middle cerebellar peduncle (T max = 5.14; k=1457; η 2 =0.10); the superior cerebellar peduncle (p<0.001) and UA_LOW (p=0.01).
	363	(T max = 5.20; k=278; η 2 =0.14); the fornix (T max = 7.20; k=609; η 2 =0.14) and the cingulum
	F o r (T max = 5.47; k=840; η 2 365 388 r 366 o F Moreover, the number and the identity of the UA patients classified as UA_HIGH completely [FIGURE 2]
	367	(ii)	P e e r P Identification of UA at risk to develop KS for each fibre tract e e r
			R e v i e w R e v i e w
	376		
	354		
	377	group and all KS patients in another. Some UA patients were classified in the same group as
	355 378	HC and can be therefore considered as UA_LOW, while others were classified in the same
	356	group as KS and were thus qualified as UA_HIGH. The same patients were classified as
	357		
			16 17
			John Wiley & Sons, Inc.

349

(Mann-Whitney U test, p=0.014). There was no correlation between FA measures and BDI 350 scores or years of education across all tracts for all 3 groups. There was also no correlation 351 between FA measures and the number of detoxifications in the UA group. The same analysis 352 could not be performed for the KS group since it was not possible to obtain complete and 353 accurate information regarding alcohol history for these patients.

368

For all participants, mean FA values were extracted from significant fibre-clusters (see above) 369 for the middle and superior cerebellar peduncles, representing tracts from the FCC and the 370 cingulum and fornix, representing tracts from the PC. A k-means classification was then 371 performed on those tracts. Fig. 3 represents the distribution of the mean FA values for each 372 selected tract identified in the white matter atlas (Mori et al, 2010) to be part of the FCC and 373 PC. 374 With regard to white matter tracts within the PC, the k-means classification conducted on the 375 FA values in the cingulum and fornix showed an expected classification of all HC in one 379 UA_HIGH for both the cingulum and the fornix, except for two of them (one for cingulum 386 389 differed between the two tracts of the FCC. 390 [FIGURE 3]

  The use of a voxel based approach may have enabled the observation of the latter 431 finding since a ROI approach, which would average the FA values within a region defined a 432 priori, would not reveal any localized impairments within those fibres. Thus, WM Our study is the first to evaluate white matter microstructural integrity in KS patients. 20 cerebellum and especially disruption of the middle and superior cerebellar peduncles. In 456 summary, cognitive deficits observed in KS patients, including amnesia, stems from a 457 disconnection of neural networks, which can in turn be due to abnormalities in the nodes of

	peduncles. 433 458
	434 459	abnormalities in the middle and superior cerebellar peduncles revealed by TBSS suggest that the network(s), disruption of white matter tracts linking those nodes, or abnormal synaptic
	460	disruption may be more localized than spread-throughout in those fibres. activity between the nodes. While our study confirms the disruption of white matter tracts in
	436 461	specific brain networks, and another study showed an absence of atrophy within connected
	437 462	When KS patients were compared to HC, the profile of WM abnormalities was similar to that regions (Nahum et al, 2014), it is still difficult to evaluate the cascade of events
	463 464	F o observed between UA and HC, in agreement with the patterns of GM and WM shrinkage (neurotransmission dysfunction -local or global network disruption -cellular F o damage/atrophy) that effectively governs the pathophysiological mechanism of KS when
	465	r r using a cross-sectional paradigm,. Longitudinal studies are required to concretely establish
		this mechanism.	P P
			e e r e e r
	447 448	R e v i e w mammillary bodies, and cortical structures from the frontal and medial temporal lobes have R e v i e w
	449	pushed towards the hypothesis of a disruption between nodes belonging to this neural network
	425 450	(Aupée et al, 2001; Renou et al. 2008; Kim et al. 2009). Our study provides consolidating
	426 451	internal capsule, cerebral peduncles, corona radiata and thalamic radiations, which has also evidence of white matter disruptions in the PC that is linked to episodic memory deficits and
	427 452	been reported in a TBSS study comparing alcoholics who have been abstinent for at least 5 therefore amnesia (Kessels and Kopelman, 2012 for review). Based on the substantial role of
		years with healthy controls (Fortier et al. 2014). Contrary to previous neuropathological the cerebellum in cognitive processes and its connections with cortical areas, damaged FCC
	455	
			19

and 418 neuroimaging studies (Chanraud et al. 2010; Pfefferbaum and Sullivan, 2005; Pfefferbaum et 419 al. 2006, 2009), the present TBSS analysis of FA values in UA revealed widespread 420 compromised WM microstructure including notably fibers of the FCC and the PC. Using a 421 stringent statistical threshold (TFCE and FWE, p<0.05), our voxel-based analyses have 422 successfully replicated previous DTI results in fibres defined a priori (Pfefferbaum et al. 423 2009) such as the superior longitudinal fasciculus, external capsule, fornix and cingulum. 424 Moreover, our analyses revealed compromised WM integrity in other fibre tracts such as the 435 438 found in a recent VBM study (Pitel et al. 2012). Compromised WM microstructure in the 439 middle and superior cerebellar peduncles is in-line with previous investigations that have 440 shown significant shrinkage of the cerebellar white matter of KS patients (Harper et al. 2003; 441 Kril et al. 1997) and in proteomics studies where changes in the levels of thiamine-dependent 442 enzymes have been observed (Alexander-Kaufman et al. 2006). 443 Previous neuropsychological and neuroimaging (structural and functional) studies 444 have hypothesized that anterograde amnesia in KS patients is essentially due to a 445 disconnection within the PC (Warrington and Weiskrantz, 1982, Nahum et al. 2014). More 446 specifically, findings of abnormalities in diencephalic structures, including the thalamus and 453 has been hypothesized to be involved in working memory and executive dysfunction in KS 454 (Wijnia and Goossenssen, 2010). Our data confirm compromised WM integrity in the 466 Our direct voxel-based comparison between UA and KS patients showed significant 467 differences mainly in the corpus callosum, which follows previous volumetric studies that 468 has reported further volume loss in the corpus callosum in alcoholic patients with Wernicke's 469 Encephalopathy than those alcoholic patients without (Lee et al., 2005) and the other one

470

  separation between HC and KS as well as consistent classification of the UA
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	506	not shown). Our refined neuroimaging analyses confirm that a neuropsychological evaluation,
	507	especially targeting episodic memory, is highly recommended in clinical settings, where
	508	neuroimaging tools are not available, to identify patients at risk of developing KS. Taken
	509	together, the analysis of microstructural integrity within the fornix and cingulum, in
	510	combination with scores of episodic memory, thalamic volume and signs of Wernicke's
	511	encephalopathy, could give a reliable depiction of whether a UA patient is at risk of
	512	developing KS. Our study is thus a positive iteration to the heuristic value of the continuity
		F o
		r
		P
	492 493	subgroups for the cingulum and fornix complements volumetric findings that have shown e e r
	494 495 496 497 498 499	graded effects in the mammillary bodies, the hippocampus and the thalamus (Sullivan and Pfefferbaum, 2009). In a previous study (Pitel et al. 2012), the volume of the thalamus was found to be comparable between some of the UA patients and the KS ones, reinforcing neuropsychological data that have shown the same trend in episodic memory deficits (Pitel et al. 2008). While the volume of the thalamus was not explored in the present study, we confirm that UA patients classified at risk to develop KS based on WM microstructural R e v i e w
	500	abnormalities in the PC had the lowest episodic memory scores. Interestingly, it was also
	501	observed that 4 patients out of 10 classified as UA_LOW filled none of Caine's criteria for
	502	Wernicke's encephalopathy (Caine et al. 1997; Pitel et al. 2011), 4 patients filled one criterion
	503	and 2 filled more than 2 criteria. For the UA_HIGH subgroup, 2 patients filled no criterion, 4
	504	filled 1 criterion and 4 filled more than 2 criteria. The number of signs of Wernicke's
	505	encephalopathy did not differ between the UA_LOW and UA_HIGH (Chi-squared test, data
		22
		John Wiley & Sons, Inc.

488

appropriate neuroanatomical substrate for identifying UA patients that can potentially develop 489 KS (Pitel et al. 2012). The statistical comparisons of the mean FA values between the 490 subgroups of subjects have confirmed the robustness of the classification step. The fact that 491 there is a clear

  . While 513 this inherent heterogeneity in the UA group enabled us to detect alcoholics at risk to develop

	514	
	515	neurological complications, the currently used average neuropsychological, structural and
	516	functional description of a UA group does not reflect the heterogeneity of individual profiles
		in clinical settings.
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Table 2 :

 2 Neuropsychological description of the alcoholics with and without Korsakoff's syndrome and controls

	Cognitive functions Tasks	HC	UA	KS	Tests*
	Intellectual abilities	Information	9.1 ± 3.0	6.04 ± 3.0	5.2 ± 3.1	HC>UA>KS
	(WAIS III subtests) 1	Matrix reasoning	10.4 ± 2.2	7.71 ± 2.26	5.0 ± 4.4	HC>UA>KS
	Episodic memory	FSCRT sum of 3 free recalls	34.0 ± 4.9	28.5 ± 7.8	5.4 ± 2.9	HC>UA>KS
	Working memory	Forward visuospatial span	8.5 ± 2.3	5.8 ± 1.5	5.1 ± 0.7	HC>UA>KS
	(MEM-III subtests) 1	Backward visuospatial span	8.7 ± 2.5	5.3 ± 1.3	3.9 ± 0.7	HC>UA; HC>KS
	HC = Healthy Controls; UA = Un complicated Alcoholics; KS = Alcoholics with Korsakoff's
	Syndrome					
	(Mean ± standard deviation) and range [minimum -maximum] are reported.		

* : Mann-Whtney U tests p<0.05 1 Standard scores ¥ : comparison with KS not done as no data available WAIS III Wechsler Adults Intelligence Scale FSCRT: Free and Cued Selective Reminding Test
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